Abstract: AISI 52100 steel has been widely used in various types of bearings in machinery equipment due to its excellent mechanical properties and high availability. In the final manufacturing process of bearing parts usually involve lapping and polishing methods on the ultra-precision machining in order to achieve high accuracy of profile and fine surface quality. The essence of this process is abrasive wear of AISI 52100 steel material. Therefore, in order to improve the super finishing process of bearings super finishing, the experiment of abrasive wear of AISI 52100 steel materials were carried out in this paper. The effects of different abrasive diameter and pressure on the material removal amount of AISI 52100 steel were investigated; the abrasive correction coefficient K in Preston formula was computed and obtained. The result shows that reducing the abrasive diameter can increase the material removal rate and improve surface quality when other factors are maintained constant.
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Introduction
AISI 52100 steel has been widely used in various types of bearings in machinery equipment due to its excellent mechanical properties and high availability (Beswick, 2002; Zhang and Zhao, 2012) . Generally, the machining precision of AISI 52100 steel significantly influences on the functional properties of bearings, especially on the wear resistance caused by friction (Zhang and Zhao, 2012; Monnot et al., 1988; Mulik and Pandey, 2011; Guo and Warren, 2005) . In the past few decades, the requirements for precision components have been increasing. Polishing characteristics of AISI 52100 steel were studied by lots of researches. Mulik and Pandey (2011) used magnetic abrasive finishing (MAF) technique to process a planar workpiece of hardened AISI 52100 steel and got a high precision. Kao et al. (2014) studied the efficacy of AISI 52100 steel CMP by used different size of colloidal silica nanoparticles. Chi and Suo (2011) processed the planar AISI 52100 steel surface through the float polishing technique working together with the polishing fluid. However, the research about lapping characteristics of AISI 52100 steel was seen rarely.
In this paper, wear characteristics of AISI 52100 steel were researched, the effects of pressure and abrasive diameter on material removal rate of AISI 52100 steel was analysed, and a fitting formula of the correction coefficient k was computed and obtained.
Experiment procedure
In this experimental, the workpiece is cut out from cylindrical roller and the material is AISI 52100 steel and the workpiece using mesh belt electric heating quenching tempering heat treatment. The hardness of workpiece is 62 HRC and diameter of workpiece is 20 mm and the thickness is 6 mm. The experimental equipment is shown in Figure 1 . The inner and outer gear ring, upper lapping plate and lower lapping plate are driven by independent motor; adjusting the motor speed can achieve different combinations of speed. Work-holding structure is shown in Figure 2 . It consists of the workpiece, the holder and the substrate with weight. The holder is made by polyvinyl chloride which has a hole in centre. The workpieces is placed in the hole of holder and clamped by the holder. Substrate is placed on the workpiece and can be applied pressure by adding weights. The work-holding structure is placed in the condition ring and planetary gear is working as a condition ring which is driven by inner and outer gear ring. Each component moving and rounding direction is also shown in Figure 2 , the black arrow and green arrows represent the condition ring rotation and revolution direction. In this paper, the effect of pressure and abrasive diameter on material removal was analysed in single factor experiment. Pressure is determined by weight, namely 0.87 N, 1.66 N, 2.46 N, processing time and abrasive diameter are shown in Table 1 . The weight variation of workpiece was measured by precision electronic balance. The thickness variation of workpiece was measured by digital height gauge of Mahr Gmbh-Esslingen (type: Mar Cator 1086 25 mm (1") 0.001 mm (.00005")). Every date was measured three times and averaged as a result. Figure 3 shows the effects of pressure on the material removal height amount of the AISI 52100 steel. The material removal height represents the height difference between initial height and post processing height. The red line shows the relationship between pressure and material removal height after processing 3.75 h, the green line shows the results about processing 2.5 h and the blue line is the result on process 1.25 h. As we can see the red line in Figure 3 Figure 3 shows that, the material removal height will increases with the strengthening of pressure, but it is not a linear increase. Figure 4 shows the effects of abrasive diameter on the material removal height amount of the AISI 52100 steel. Generally, material removal rate increases with increasing abrasive diameter. But an interesting phenomenon was found in Figure 4 . These three figure shows the different relationship between removal height and abrasive diameter when process different time. The green line is from the result of process 2.5 h, the blue line is the result on process 1.25 h and the red line shows result when the process time is 3.75 h.
Effect of pressure

Effect of abrasive diameter
We can see the green line in Figure 4 (a), the removal height is 5.26 μm when the abrasive diameter is 14 μm (w14); instead, the removal height increase to 6.443 μm when the abrasive diameter change into 7 μm (w7); when the abrasive diameter is reduced to 3.5 μm (w3.5), produce a higher material removal height which is 15.536 μm. The red line also shows that the material removal height decreased from 26.567 μm to 8.196 μm when the abrasive diameter increased from 3.5 μm (w3.5) to 14 μm (w14). Figure 4 shows a result that the AISI 52100 steel material removal height is increased with reduce of abrasive diameter. Possible reasons for this phenomenon maybe are that the number of effective abrasive contact with the workpiece in unit area increase when abrasive diameter decreases. Although the single abrasive diameter has a low material removal rate, but in the case of long time accumulation the total removal rate of abrasive diameter are increased. 
where, the MR is the material removal amount of the sampling time; K is a coefficient representative of factors except pressure and speed. It is a proportional constant and a set of complex formula contains many factors, which is used to modify the impact of factors, include abrasive hardness, workpiece hardness and abrasive diameter, it was used to modify the impact of abrasive diameter in this paper; p is pressure intensity amount of the sampling time; v is the relative velocity difference between two contact objects amount of the sampling time; Δt is the sampling interval. Workpiece relative to the lapping plate velocity v can be obtained through the lapping plate and workpiece contact point movement distance l and sampling interval Δt. As shown in equation (2).
The expression correction coefficient K on MR, p and l can be obtained by equation 1 and equation (2).
In this experiment, the distance between the centre of workpiece and the centre of lower plate is R = 136.5 mm, so can get the distance of workpiece moving a circle [rotate a circle along the direction of the revolution (ω co )] through the formula D = 2πR and get a result about D = 857.22 mm/r. In this experiment, the speed is the motor speed which drive the lower plate, inner gear and outer gear, its need to introduce the transmission ratio (i) to get the truly rotation speed, i l , i i , i o respectively means the transmission ratio of lower plate, inner gear and outer gear. So it can calculate the condition ring revolution speed (ω co ) through the equation (4)
where the i l = 2.17, i i = 2.25, i o = 1.7. The formula to calculate the relative round between lower plate and workpiece in unit time is shown in equation (5).
So the movement distance l between lower plate and workpiece can be calculated by equation (6). Table 2 shows the values of the l and the pressure intensity p in the process experiments; the change of correction coefficient K tends to be the same when the abrasive diameter unchanged. K is the average of correction coefficient K under the same conditions of abrasive diameter. The average values K which are obtained under the different abrasive diameter are shown in Table 3 . K is fitted to obtain theoretically K on the abrasive diameter and fitting curves were obtained by fitting the MATLAB power equation. The parameter of R-square is 0.9034 which used to define the goodness of fit. The fitting curve is shown in Figure 5 and fit formula is shown in equation (7). 
where x represent size of abrasive diameter (μm), k is the abrasive correction coefficient under x.
Conclusions
In this paper, the effect of pressure and abrasive diameter on AISI 52100 steel material removals was analysed by single factor experiment, and came to the following conclusions:
